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(54) Polymer polyol and process lor the preparaftion of polymer polyols 



(57) Process for the prepaiation ol a stable polymer 
polyol having a narrow piolymer particle size distribution 
comprising the steps of: 

(a) prepafing a polymer seed dispersion wherein 
the Iquld polyol medium comprises at least 30% by 
weight of a coupled polyol; 

(b) admixinga base polyol and one or more ethyl- 
enicatly unsaturated monomers, at least 60% by 
weight of which is styrene. wth at least pan of the 
polymer seed dispersion obtained hi step <a) at a 
temperature below the potymertzaHon temperature; 
and subsequently (c) heating the resulting mixture 



to a temperature at which polymerization occurs 
and allowing the polymerization to proceed until 
completion, thus ytotding the polymer polyol 

Polymer polyol comprising a liquid polyol phase 
and from 10 to 55% by weight based on total weight of 
polymer polyol <rf solid polymer particles stably dis- 
persed thereff), wherein the polymer particles consist 
essentially ol polystyrene and have a mean particle size 
in the range of liom 0.5 to 2.5 micron with a panicle size 
span of at most 1.3. 

The above polymer polyols are very useful in the 
production ol polyurettiane articles, particularty poly- 
urethane foams. 
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DsserlpUon 

•nw present invention rotates to a pol/mer polyol and to a process lor the preparation of a polymer polyol More 
specilicaSy. the present invention relates to polyslyiene polyob ol which the polystyrene partcles are «tet«,«'yf^' 
5 ' LhaveanarraLpa«tidesizedistritnrtion.lnaddilion.1hepresentinvenl^ 

ooivols including the alwe polystyrene polyols. whereh tJse is made ol a specific seed dispeiaion. 
. fSkl^r p^ are knoSln in the an. In geneial. a polymer polyol is a stable dispersion ol a PO>^J}'lf?^ 
Many (flflaerSpolymers and polyols can be used in such systems. The present invention is concerned trtth p^ 
whereihme pdymere are based on ethylenlcally unsatumled monomers polymerized Bi-srtu via free rad«al 
to SS^-Suchl!«itupo|ymeriationr«,uires^ 

SXersion stabllisino agent may alsobepre.«AStyrane.aefyk)nltrile and toal^^ 

most frequently used monomere. whereby polystyrene. poly(aciylonilrile). copolymeis ol "^'"^^^^J^^^^ 
lerpolymersof styrene. acrylonitrileandinethylmethaciylatearBlhepolymeisnomalhf lormeAE)^^ 
i^TS^mS thb tyje ol polymers are. tor instance, described in EP^^.076.491: EP-A-0.162.588; EP-A- 
»« 0 343.907: US-4.418.840 and EP-A-0.495.551. w • 

' The present invention hvolvos the use of a seed dispersion lor preparing polymer polyols. As such, this » a known 
teehnioue which basically imwAresaddinQ a dispersion ol polymer particles to a polyol and subsequently polymeneing 

the polymerization of the additional monomer. . . , - ' 

ao Fwins1ance.inEP-A-0,365.986atwo<tepproces8lorp.eparinggraftpolymerdieporelons«di«d^ 

the steps of first preparing in acontinuoos mode an irtemiediate gran polymer dispeielon having a sdidsowtent below 
- 30% bv weiflht and having a broad particle size distribution ol the polymer particles foltowed by charging this hterme- 
diate aralt polymer dispeision to a semi*atch reactor as seeds tor further grafting to increase the soliitecootenl to 
above 30%^ weight, suitably up to about 40% by weight A starting seed in the form of a prefomied graft polyol « 
«• used hi the first continuous «ep to oWah the desired intem«diate dispersion. The polymer most sutebly "sed in me 
polymer polyol is styrene^iylonltrOe copolymer. The polymer polyds obtained have a broad particle size disubution 
and a uniform viscosity from sample to sample. 

in US-4 148 840 a polymer polyol is prepared by polymertzhg ethytenically unsaturated monomere in a blwid « , 
firet potyd and a prefom.ed polymer polyol. The prefOmied polymer polyol is fomwd •'V "^^ITrJSIlj? 
30 ethylen-icaiV unsaturated n«nomer In a second polyol. which may be the same as or dffleront from the first polyol. 
AHhoutfi it is stated that polymer polyols can be produced with high acrylonitriletotyrene rabos (up to W100). in none 
of theworkino ejwnples the appUcalion of pore polystyrene polyols is described. Those examples, in which styrene- 
acrykmitrilecopolymers were usedaelheseadandinwhichstyrene was added inthesecondstepasm^ 
resulted in polyrner polyols with polymefpaiticlee having pailWe sizes aixwe 30 micror^ 
3S inEP-A^SlO.M3aproce8sfofthepfeparatk«olpolymerpo|yolsisdi8Clos^ 

as staoyiser. The staWOser is used In an amount ol Irom 0.1 to 10% by welghL The polymer •"^^fV,*^ 
by the lies radteal polymerization of ethylenicaBy unsaturated monomer(8) in a medium eompilalnfl aB(jiB prtJJW. me 
stabilizer and a seed dispersion. The seed dispersion may have a soOds content ol Irom 5 to 80% by w«lgm and 
oontains polymer particles having diameters of at least 30 nm and more suitably between SO and 200 nm tt is staled 
40 that staged addition of monomere. stabilizer, base polyol and/or f ree radtoal initiator allows a better control ol reaction 
temoetMiree and pwwWee for ntoie stable product with a more unltomi particle size. Styrene«:ryloniinle copolymers 
• are dearty the most suitable polymer, as is also iliustialsd by the woriong examples which all describe the preparation 

or use of such styrene-acrylooitrile polyols. • ■ 

InEP-AO 640 633 a continuous process lor producing stable, lowviscealty polymer polyols is dtetose dcornpnsing 
« the steps ol preparing a first reaction product by polymerising less than 50% by weight ol tetel monomer In at Imt 
50% by wei*t of total polyol, optionally in the presence of a precursor stabiBzer. and subsequently producing me 
Dolvmer oolyol by polymarishg the balance ot monomer in a medium containing the first reactkjo product and me 
balance ol polyol and optionally a precursor stabUiser. The precursor stabiliser is me reactton product ol a reactive 
unsaturaledeompound.whk*i8aiiycc»npoondcapabledlomiinaanadductwimapolyolandhavingacartx^ 

so double bond reaeOve wtth me monomer system used, wtth a selected po^. The preferred reactive unsatura^ com- 
pound is a confound that causes the slalMBser to have lumarate^ unsaturalion. such as malee anhydnto^ 
stabiliser Is used in amounts up to 20% by weight me exact amount being determtaed toy me «ndH»eappilcatkia 
Again. styrene-aciylonitrSe copolymers are the preferred polymers. _ 
None of the prior art references cited horoinbelore actually describe the preparatton ol po^mar po^ containing 

55 polymer particles having styrene contents above 80% by weight whilst at the same time having a small particle size 
(Le below 10 micron, more suitably below 5 mfcron) m oombinatton with a narrow partfcle size distribution. The only 
DublcaUan describing the preparation ol polymer polyols via a seeding process vnherein the polymer has a styrene 
content above 80% by wel^l Is US-4.148.840. However, substantiaily aU of the polymer particles m me final polymer 
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potyol have a particle size above 30 micron, whttst the seed polymer used is stiD a styieneBCfytonilrile copolymer. 

The presertt invention alms to piovide a process which enables the preparation oT polynwr polyols wherein the 
polymer particiesoonsistfor at least 80% by weirihl^mosl preferably faesse^^ 

and wherein the polymer particles have a small particle size oombfeted with a narrow particle size dislribirtion. More 
specrically.thepresent invention alms toprovldeaprocessforpreparh^ 

a polymer seed dispersion containing uniformly sized, very small polymer particles is first prepared after which at least 
part of the seed dispeision Is used in a subsequent polymerization step for preparing the final polymer polyd. The 
present Invention aims to piovide such process that In said siAsequent polymerization step nucleatton or fomiation of 
new polymer particles is minimised as much as possible, suiably to a zero level, eo that only growth of exising seed 
polymer particles occurs in order to ensure the fomation of small polymer particles having a unHonn, monomodal and 
narrow polymer particle ^e distribution. Furthemnore. the present invention aims to provide a process wherein the 
growth stage can be carried out. if desired, via an alHn-oneiWt process, thus allowing operating this stage in a con- 
tinuous mode in industrial applicatton. , 

It has been found that the these and other aims can be achieved by a free radical polymerization process Involving 
the use of a specific polymer seed dispersion and a specific sequence of process steps. 

Accordingly, the present kwentfon relates to a process for the preparation of a stable polymer polyol having a 
narrow polymer particle size distribution comprising the steps of: 

(a) preparing a polymer seed dispersion by polymerizing In the presence of a free radical initiator (I) from 5 to 40% 
by weight of one or more ethylenicaUy unsaturated monomers, at least 60% by weight of which is styrene, in (ii) 
from 95 to 60% by weight of a liquid polyol medium comprising at least 30% by weight based on total weiflht of 
the liquid polyol medium of a coupled polyol; 

(b) admixing a base polyol and one or more ethylenically unsaturated monomers, at least 80% by werght of which 
is styrene. with at least part of the polymer seed dispersion obtained in step (a) at a temperature below the po- 
lymerization temperature; and subsequently 

(c) heating the resulting mixture to a temperature at which polymerization occurs and allowing the polymenzation 
to proceed until completion, thus yielding the polymer polyol, 

whereby a free radical initiator is added in step (b) andtor (c). whereby the polymer seed dispersion Is used in such 
amount in step (b) that the coupled polyol present in it constttutes from 1 to 15% by weight of the final polymer polyol 
and whereby the amount of ethylenk^ally unsaturated monomer(s) used in step (b) is such that the soOds content of 
the final polymer polyol is in the range of from 10 to 55% by weight based on total weig^^ polyol. 

The polymer present m the stable polymer polyol prepared by the present process is obtained by polymerizing 
ethylenically unsaturated monomers, at least 80% by weight of which Is styrene, in the presence of a free radical 
polymerization catalyst The remainder up to 1 00% by wei^ of ethylertfcally unsaturated monomer can be formed by 
one or more comonomers containing ethylenic unsaturatlon susceptible to free radical copolymerizatlon with styrene. 
Such comonomers Include other vinyl aromatic hydrocartxxts. lilie alphamethyl styrene and methyl styrene. aciyloni- 
trile. methacrylonitrile, vinyl chloride, various aBcyl acrylates and melhacrytetes. such as methyl methacryiate and t- 
butyl methaciylate. and conjugated dienes. Wke 1 ,3-butadiene and isoprene. The preferred comonomer is acrylonitrile. 
In a more preferred embodiment of the present invention, however, as much as 95% by weight or more of the ethyl- 
enically unsaturated monomer(s) used in steps (a) and^or (b) Is styrene, whitet most preferably styrene is used as the 
sole monomer in steps (a) and (b). thus resulting in a 100% polystyrene polyol product 

It is important that in the first step of the present process. Le. the preparation of the polymer seed dispersion, snail 
polymer particles are prepared. Such polymer particles suitably have a mean particle size of less than 1 micron, pref- 
erably from 0. 1 to 0.7 micron, more preferably from 0.15 to 0.5 micron. Such small polymer particles can be obtained 
by employing a high concentration of coupled polyol. which acte as a dispersion stabiliser, in the reaction mixture. The 
coupled polyol may chemically Interact with the ethylenically unsaturated monomer(e) to fonn stabliser molecules, 
either by grafting onto a chain of polymerisedmonomer or by incofporationof one or more coupled polyol units in the 
polymer chain via copolymerization with the monomer. A usual precondition for such chemical interaction is that the 
coupled polyol contains a least one reactive olefinic bond, suitably In that part of the molecule originating from the 
coupling agent. AKematlvely, the coupfing agent used to prepare the coupled polyols Is chosen such that Its residual 
part included in the coupled polyol molecule Is fully con^atible with the polymer fomied from the ethylenically unsatu- 
rated monomer(s). The polyol tails stemming from the coupled polyol are fully sduble In the Tiquid polyol phase, whilst 
the backbone polymeric chain of the stabiliser molecules or the coupling agent residue in the coupled polyol molecule 
is fuyy compatible with the polymer particles. 

Apart from the coupled polyoi. the liquid polyol medium may comprise one or more addition^ polyether polyols. 
However, the Tquid polyol medium ehouW comprise at least 30% by weight of coupled polyoL For a given mass of 
polymer, the total surface area of all polymer seed particles together wUI become larger at decreasing particle size of 
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the polymer seed particles. As a result, the required amount d coupled polyol wiR irwease tA decreasing pdyrner 
.S£e^e.^>artide8i2esa6 6maOasles8lhan 1 micron are suitably aimed at. II » required th^ 
CSSwi the liquVpolyol medium^s-constiluted l^-coupted polyol JtJs.he)<«verpref«wl£^tt»lk^ 

SiSc^rsSatSl 60% W 
« - medium consisting essentially o» coupled pohrol has lieen found most ad^^ 

Free radical polymerization catalysts or free radical Initiators are \mom in the art and include both peroxide com- 
. poundsandaiooompounds. Ejomplasofsuitabiefreeradicallnitiatoisareperoxidecatalystslikedlb^ 

tauroyi peroxide. t-amylperoxy-2-«thylheKanoaie. dl-t-butyl peroxide, diisopropyl peroxide carbonate, l*trtyl peroy- 
L^hZxanoatk t-buSJperplvalale. t*utylpemeo^noate. t^Hrtylperbenzoate. t*utyl percrotorwle. rtutyl 
« perisobutyrate. i-buty^wroxy-l-melhylpropanoale. t*utylperoxy-2-ethylpentanoate. ^^^^j^^"''^^'' 

SZiZthalkte. E)w^rterofazooompound8area»bis^80butyronitrile (AIBN)anda20bis^2-methylbutarj«jitrlle). 
The auantHy of inliator may range liem 0.01% by weight to 5% by wieight based on total weight of monomer(6). 

In general, the free radical polymerization for preparing polymer polyols iscarried otrtatatempeiaturoln 
of from 60 to 140«C and at pressure up to 20 bar. while «ie preferred temperature langee from 70*0 to 120*0 and the 

»5 pressure is preferably atinospfieric. ^ .. _ s« 

Coupled polyrts which can be used as a precursor stabiliser m the preparation of polymer polyols are known in 
the art. SuitaWecoupled polyols are those discloeed in EP-A^.495.55l.lhat is. coup^ 

of thVreaclion product ofTbase polyol having an average nominal functionality of at least 2 wilh a polyisocyanate in 
such proportion that the ratio ol equivalents hydroxy! groups to equivalents isocyanaie groups is greater man l. In a 

20 preferred embodiment the base polyol has an average nominal functionality ol f rom 3 lo 6 and is leaded «*ha dif unc- 
ticnal polyisocyanate in such proportion that the inKial ratio of equivalents hydioxyl groups to equwalents isocyanate 
' flroupategreaer than 1. In a more preferred embodiment the base polyol is a trif unctional polyoxyalkylene poh^ and 
ttw prtyisocyanate is a difundional organic polyisocyanate. which are reacted in such proportion that the mrtial ratto 
of eqiTMalents hydroxyl groups to equivalents isocyanate groups is In the range of from 2. 1 to 10.0 and most preferabhr 

as* Is as dose to 2 1 as possible. A very much preferred irifunctional polyoxyalkylene polyd is the reaction product of 
glycerol and ethylene oxkfe. propylene oxide or a mixture thereof, whilst mud) preferred diiwcj^tes ^•<«P»>r 
nytmethane diisocyanate. lamlSarly known as MDI. and 2.4- and ao^dylene dysocyanate and mixtures thereof, famil- 

"^Mottier dass ol suitable coupled polyd dispersion stabilisers are those d which the nwlecules comprise at least 
30 one readive definic bond beside one or more pdyd tails. Su* stabilising agents are also descrtoed as nacromeis 
and can read w«h elhylsnically unsaturated monomer molecules, thus becoming part d a polymenc cham. Examplw 
of audi macromer stabilisers are acrybte fundionalised pdyds. sud, as. for "^^'^l "ft'^*^^ 
and the maleatertumarate fundionaBsed polyols described In. amongst dhers. US-5.364.906 and EP-A-O.461.800. 
The use d the coupled pdjwls consisting essentially of the readton produd d a base pdyd wtth a pol^^^ 
38 described above, is. however, preferred. Depending on soUds content and visoosily d the pdymer seed disperson. it 
may be diluted with a pdyd between steps (a) and (b). Due to the relathrdy high molecular weight and corresponding 
high dynamic viscosity d the coupled pdyd. the polymer seed dispersion may have sod> high "^n^"? ^^i* ™^ 
It Is difTicuR to handle. In such a case diution with a pdyd. suitably the same pdyd whfch is used as the base pdyoi 
in subsequent step (b). may reduce the viscosity to 8ud» a levd that handling d the pdymer seed dispersion » faal- 
40 Haled. It will be appredated »iat the exad amount d pdyd to be added depends on the desired dynamic viscosity of 
thepolymer8eeddi8per8k«anddedrededWscontomdthellnalpolymerpdyd.Typicaly.amaxi^ 

* can bed the order d 50.000 mPae (25 •€). , 

In 6tep(c)dthe presenlprocewthepdymer partldes present in the pdymer eeeddisperekmfurtwr^ 
by pdymerising ethylenically unsaturated monomer added m step (b) in the presence ofa free «rtiatot It te 

^ Importantthat in 8tep(c) nudeationorlomialiondnewpolymerpartfcleslsaieadmWmisedandpieteraby 

avdded in order to ensure that a unMorni. monomodal and narrow partide size dislributxjn is oWamed in the flnrt 
polymer pdyd. This is attained by maximising the concentration d ethylenkally unsaturated monomer ki the Hqukl 
phased the 'growth reaction system' in step (c). ... ^ ^ u _^ , 

In pradk» Vila ffnpKes lhat step (b) can. for instance, be carried out by first preparing a blend d base pdyol. 

so addittanal ethytenfcally unsaturated monomer and optksnally free radhal mniator In the amounts required to amve at 
the desired end piodud and subsequently admixing this blend with the desired amount d polymerseed dbpereion 
detained in step (a). Alternatively, step (b)canbecarriedodbya«jdlngbasepdyd.addilionalethylen^ 
monomer and optionally tree radical initiator separately to the pdymer seed dispeiBton »^ 
a stirring On this latter optkjn several variations are possible, sudt as adding monomer(s) and a prebiend of pdyol 

« andoptionally catalystastwoseparatecomponentstothepolymerseeddisperston under admbcingconditions^lna^ 
event step (b) must be carried out under such conditions that pdymerizatfan d added monomei(B) is substantlaBy 
prevented This is effectively adiievBd by maintaining the temperature below Ihe temperature at whteh the polymeri- 
zaUon leadion w« start, le. usually below 60 'C. AccordingV. d«P P>) can, for instance, be conveniently carried out 
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. ThaXm staied. it is irrvortant that the concentration of ethylenically unsaturated nwnomer in the liquid phase 
■ ot the oiowlh reaction system is-inaximl60d and««l in practice this implieslhat ail the additional ethylencally unsa u- 
raled L«n« be admhed in step (b). The total quantity ot tree radical h-^ 

s ■■ ordurinQ8tep(c).andeitherinonebatchorhportions(ordQee»)o»ertime.Altematively.apor^^ 

Z^Uto added, or dosed, during step (b) and the lemahder during sl^> (0. ^ yrt another anematwe » 
that the maloitty ot free radical initiator is added, or dosed, during stop (c). It may be adwntageooslo dose ttie free 
radical Initiator during step (c) m orter to allow optimum control ol the polymerizalion reaction and. thereby, the heat, 
aeneraled during this polymerization reaction. Suitably where dosing of the tree radical initiator occurs, this fiay take 

10 ptee overa time period in the range d Irom 1 to 10 hours, very suitably Irom 3 to 6 hours, preferably 4 or 5 hours, 
and the porttons added evenly «rer time; le. linearly dosed. .„™^ ^ 

TheVnonomer(6) added in step (b) should eonsisi lor at least 80% by weisftl. prelerably at least 95% by weigW. 
of styrene. but most preferably consists of essentially 100% by weight ol styrene. The exact amouni ol '^'^»lf 
unsaturated monomer{s) to be used in step (b) depends on the desired solids content of the final polymer po^iol and 

16 on the sdlids corUent of the pdymor seed (flspereion prepared in step (a). The amount of monomer used In step (b) 
should in any event be such that the solids content of the final polymer polyol is in the range of Irom 10 to 55% by 
WMOM based on total weight ol polymer polyol. Preferably the amount ol monomer used is such that the solids content 
of the final polymer polyol is from 20 to 45% by weight. The free radical initiator used in step <b) andfer (c). may be. 
but not necessarily is. the same hitiator as used in the preparation of the seed dispersion m step (a). 

20 The base polyol used in step (b) in principle can be any polyol or mixture ol polyols known to be suitably applied 
in polymer pofyol systems. In general, suitable polyols are those compounds having aileast two aUphatk: hydroov^ 
- gr^. The base polyol used in step (b) may. but not necessarily is, the same polyol as is used to prepare the ooupM 
Ddyol in step (a). For the purpose of the present invention, a very suitable class oA polyols are the polyether polyols. 
abonormaly referred loaspolyoxyalkylene polyols. Such p^ 

28 comoound having a phiraWy ol active hydrogen atoms with one or more alkylene oxides, such as ethylene o<ide. 
prowlene oxWe. butytone OKUe and mixtures ol two or more of these. Suitable polyether polyols are those having a 
nwnber average molUlar weight olat least 500. moresuitablyfiom1.500to6.S00. in addi^^ 
has an average nominal f unctkxwlity (Fn) of at teast 2.0. preferably of tram 2.5 to 6.0. Examptes of suOable base 
SiS.^Sf arJSiJmercialV avaHaLle. are CARADOL MC3fr03. CARADOL SCAM2. CARADOL MH5fr03 and 

w CARADOL SA36-01 (CARADOL is a trade mark). __ . a 

The amount of polymer seed dispersion used in step (b) should be such that the coupled polyol present n it 
oonstilutes In the range ol ftom 1 to 15% by weight of the total weight of the final polymer polyol. This te im 

order to ensure optimum siabilisatkxi ol the polymer partteles in the final polymer polyol. In a preferred embodiment 
the arnoort of seed disperekxj used In step (b) Is such *at the coupled polyol presort h> a oonstilutes In the im^ 

« ffom2tolO%byweisWoltholinalpolymerpo|yol. _ ^ «^ 

In step (b) a smaU amount ol chain transfer agent may be added in additton to the other «»™P"82»!L!^'f' 
such Cham transfer agents and thefr nature Is known in the art as exemplified by 03^.689.354; EP-Ara365.986; EP- 
A-0 510 533 and EP-A-0.640.633. Chain Uansf er agents enable a control ol ciosslinking between the vanous polymer 
molecules and hence may effect stabilSy and filterability of the polymer polyol. it has been found within the frainewoik 

40 of the present inventkm that the addition of a small amount of chain transfer agent may conskterably suppress reactor 
fduimo. which occura during the polymerizatton m step (c). « used at a«. a chain transfer agent is sultab^ used m an 
amouniof liom0.1 to6%by weight, preferably 1 to4%by weight based on tolal weight of reaclants. Examples d 
suitable chain tiansler agents are Hxitanol. 2-butanoi. Isopiopanol. eihanol. methanol, water. cyctohexane,loliiene 
and merc^itans. sudi as ethanethtol. 1*optanethlol. 2<ctanethk)l andtoluenethtol. 

is In step (c) the mixture resulting from step (b), suitably a unilomi disperston. is heated to a tempeiatuw In the range 
of from 60 to 140»C -and, if neceesaiy. Is brought onto the desired pressure- in order to effect polymenralion. As 
described hereinbefore, al or part of the free radfcal initiator in as far it has not already been added in the preceding 
step (b) mag also be added at this stage, either In one batch or in a dosed manner. VWhilst the pdymorization reactton 
proceeds, stirring may be conthued at a modest level In order to promote a smooth release of the heat generated 

to during the oxotheraAjpolyinerization reaction. 

Mterstep (c) the volaBlo components. l.o. resMual monomer and free radkal inlBator decomposition products, are 
conveniently removed by stripping. Such stripping is suitably carried out by heathg to a temperature m the range ol 
Irom 100 to iSO-CwMi stirring and wlicatton ought nitrogen purge or of vacuum. 

One of the advantages of the present process is that the final polyroerizatlon stop may beaonei>olprocoM.wnien 

«S altow8theuseincomm9rcialoperattonofaoontinuou6-typoofreactor.forln8tance80ontinuousplpereac^ 

seeddisperekMi. base polyol. monomer(8) and catalyst -and suilably chain transfer agent-are continuously toadad and 
mixed at the ertiy ot the p^ and subsequently are passed through the pipe«hapod reactor chamber, which is bomg 
heated and kept at the desired temperature. Whilst ftowhg through the pipe the potymerizathxi reaction takes placa 
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and ffl the end Ol ttie pipe the polymer polyol is rtwwered An adcMio^ 

•evetam islhal problems asaoctaled with the removal ol the foactioo heat reteaaed as polymarizatton oocurB are min- 
Wiisad due to the hioh ralteof feactor *wM-sttiiaice to pioducrvolume. A lurther advantage ol the present process b 
thai the lesuning p<5mer pclyota haw a to««f viseosiy a« a 9»«n 80*^ 
cerurationol coupled polyol which is preeert In the rearttonmiirturefesuninglrom step (b). 

In a lurther aspect the presertt invention alaomlaies K>a polymer polyol comprising a liquid polyol phase andlrom 
I0to55% by weight based on total weight olpolymorpolyol of soTid polymer paitfcleaslabVdispera^ 
the Dohrmer particles consist essentially ol polystyrene and have a mean particle size in the range ol Irom 0.5 to 2.5 
mieran wlh a particle size span ol at most 1 .3. Preferred mean partida sizes are those within the range ot Irom 0.6 to 
2.0 micron whilsl a preleried particle size span is in the range d Irom 0.4 to 1.0. n wUI be understood that in the abo^ 

characterization ol the polymer polyol aesoitlng to the present invention any stabiliser present on the outer surface ol 
the polymer particles is not taken feito account ^. . ._ 

The exprwsion •partcl* s"'" to the width ol the peak indfeating the monomodal potymer paitlde size 

distrtbutioa The paitide size span (PS span) is defined as 

wherein d(X%) is the particte diameter in mteion at whfch x% by volume ol the particles has a smaller particle dtametet 

so Particle size measurements are on a volume basis and can be carried out by methods known m the art. such as the 
laser lighl scattering technique. 

Polymer polyols comprising a Tiquid polyol phase and a polymer consisting essentially d polystyrene are known 
irom EP-A-0.495.55t. However, the polystyrene polymer polyols disctosed therein have broader particle size detrtou- 
tkms than those of the present polystyrene polymer polyols, i.e. the polystyrene polyols disckwed n EP-A-0.496.551 

2s' have a PS span whteh is greater than 1.3. , u. • 

As has already been Mhated herelnbekxe. the present polymer polyols have a tower viscosity at a given solWs 
content predominantly due to «te tow concenlialfan ol coupled polyol whfch is preseni m the reactton mixture resulting 
irom step (b). Such k>wer viscosity is highly desired from a processing point ol vievt tor instance, when using the 
polymer polW3ls in polyurethane production. 

30 In a prelerred embodhient erf ttie present inventtoo. the polymer polyol has a solids content m the range ol from 
20 to 45% by weight based on totei weight ol polymer polyol. The lk|uld polyol phase d the polymer polyol suitably 
oontainsacoupled polyol in an amount of from 1 to 15% by weight, preferably from 2 to 10% by wei^t. based on total 
weMM of polymer polyol. whfch coupled polyol consists essentially of the reaction product ol a base polyol havmg an 
average nominalluncltonaltyol at teastawimapolylsocyBnato In such proportion that me rattoofequlvalOT^^ 

as groups to equivalents isocyanate groups is greater thanl. Such ooupted polyols and prelerred species thereol have 
beendescrbedin moredeteilhereinbsfore when discussing the preparafcn process accordlngtothe present invention. 

The base polyol present suitably is atrBunctlonal polyexyalkylene potyol. preferably the laaclton product ol glycerol 
and ethylene oxide, propylene oxide or a mixture ttiereof. and the polyisocyanale is a tfifunctional organte polynocy- 
anato preferably MDI or TDI. vriifch are reacted in subh proportion that the ratio of equivalents hydroKyI groups to 

40 equivalents teocyanate groups is in the range of Irom ^0 to 10.0. Suitable base polyols are those described above 
when dteeussing the prepaiatton process. 

The preserA polymer polyol is very useful in the production of various polyurethane artfcles. partteularly poly- 
urethane loarns wNeh can be ol a llextote or o« a rigW nature depending on the reactants used and the amounts in 

whfch the various reaciante are used. In general, the polyurethane Is tofmsd by reading the present polymer pdyd 
is with a pdyisocyanate in the presence d a suitehtocatelysLM a poiyuremanetoam is to be prepared, a btowing agent 

shouM be used as well. Other addtives. such as flMie reteidante. fbem stoblizsrs and crosslinking agento may also 

be used when fonnbig the polyurethane articte. ,«i .w. »__k ^k.„« 

Pdyisocyanates that may be used are those conventionally appDed in the production d (flexible) polyurethane 
loams. Useful pdyisocyanates shodd codabi at least two isocyanate groups and include both aBphatic -usually 
so alkylene- mi aromatfc d^. tri-. tetra- and higher Isoc^nates fcnovm In the art to be suitably applied in the produdion 
d floxajle pdyurethane foams. Mixtures d two or more d such aliphatfc andtor aromatfc pdyisocyanates may also be 
appfied Most commonly applied pdyisocyanates are Z44duene (ffisocyanate (2.4.T0I). ZS-TDI. mbOuras d 2.4-TDI 
and 2.6-TDI, 4,4'-diphenylinethano diisocyanate (MDI) and polymeric MDI. 

The invention is now further iUusliated by the fdtowing examples without restricting the scope d fte twentun to 
ss these partieular embodiments. 
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Example 1 

' - ' A polymer-seed dispersion was prepared by adding styrene and-coupled polyol to a reactor in a weight ratio of 
styrene/bcH^led polyol ol 2Q/B0. Also added were 1 50 mmol/kg styrene of free radical Initiator LUPEROX 575 (t-amylp- 
5 • eroxy'2-emymexanoaie; LUPEROX is a Uade marti). The coupled polyol was obtained by reading MDI with a poly- 
cxyallcylene polyol. This poiyoxyalkylene polyol. in return, was the reaciion procftjct of glycerol and a mixture ol ethylene 
oxide and propylene oxide. The average molecular weight Ol the coupled polyol (as determined by GPC) was approoc- 
imately 50,000. 

The mixture was stirred and the temperature was raised to 90 •C. The potynrterization started and proceeded lor 
10 7 hours under continuous stirring, whilst the temperature was maintained at 90 "C. 

The resulting polymer seed dispersion was subsequently diluted at a i:l volunw to volume ratio wtlh the polyether 
polyol CARADOL SC46-02. a propylene oxide/ethylene oxide adduct ol glycerol having a number average molecular 
weight of about 3,500. Further details ol the diluted polynrter seed dispersion are given in T^le I. 

Subsequently, a blend was prepared containing 9% by weight of diluted polymer seed dispersion, 62% by weight 
IS of CARACXX. SC46-02 and 39% by weight of styrene monomer. In addition, 75 mmoykg styrene ol the free radical 
initiator LUPEROX 575 (t-amylpert»cy-2-ethylhexanoate; LUPEROX is a trade marie) and isopropanol (5% by wel^t 
on total weight ot reactants) were added. All components were rapidly mixed at 30 •C until a uniform dispersion was 
obtained. Then, the reaction mixture ws heated from 30 to 80 •Cover a period of 1 hour and the reaction was allowed 
to proceed at 80 "C until completion (approximately 7 hours). 
2o Residual styrene monomer and peroxide decomposition products were subsequently removed by heating the prod- 
uct to 125 •C under continuous stirring and a light nftrogen purge. The polystyrene polymer polyol product was a white 
. dispersion havfr^g a solids content of 40% by weighL Particle size characteristics were determined by laser light scat- 
tering analysis using a Malvern Masterslzer MS20 (trade mark) apparatus. 
The results are indicated in Table I. 

Comoarative Example 1 

A polymer polyol was prepared by the single step dosing^echnique by adding to a stirred mixture of CARADOL 
SC48^ (87.5% by weight) and the coupled polyol used In Example 1 (12.5% by welgW) at 9^ 

30 over a period of 3 hou rs. 40% by weight -based on total weight ol final reaction mbdure- of styrene monomer and 150 
mmoMtg styrene of the peroxide initiator LUPEROX 575. After all styrene monomer and peroxide Initiator were added, 
the polymerization reaction was alkwed to proceed to completion for 2 hours. Volatiles were subsequently stripped 
from the product (120 •C for 15 hours under fight nitrogen purge). The resulting polystyrene polymer polyol product 
was a white dispersion havffig a solids content of 39.9% by weight. 

3S Further detaBs are given in Table I. The following abbreviations are used in Table I: 

Weight percentage of coupled polyol In the liquid phase 
Solids content in weight percent 
Dynamic viscosity at 25 *C in noPa.6 
Mean particle size In riuaon 



(CP.lliq: 
[Solids] : 
Vd,25: 
40 Mean PS: 



TABLEI 



60 



Polystyrene Polymer Polyols 




Example 1 


Comp. Ex. 1 


Seed Dispersion^ 


Polymer Polyol 


Polymer Polyol 


|C.P.]tiq {%wl) 
[Solids] (%wt) 
Vd,25 (mPa.s) 
Mean PS(mlcron) 
PS span 


50 
9.1 

11.214 

0^ 

0.80 


6.8 

38.5 
8,910 
1.03 
0.85 


12.5 

39.9 

14,020 

1.33 

1.74 


' after dMoni^ CAR 


A0OL8C4S^B 



From Table I It can be seen that the seeding process according to the present invention Indeed resutts In 100% 
polystyrene polymer polyols of which me polymer particles are veiy smalU 



7 



EP0786480A1 



.In addition, the viaoosity at equal solids content is slgniBcanHy better (8^10 mPas. veraus 14.020 mPas lor the one 
step dosino process). " ' ' ' ~ '. 

Examolea 

A diluted polymer seed dispersion was prepared in the same way as in Example 1 MMpt ^^^^ 
was used having an averasenKrtecular weight of 40.000. tlwt the polymerization time was6^ 
MH56^ (a propylene oxide/ethytene oxide adduct ol glycerol having a number average molecular weight ol about 
3 000) was used as the polyol. Further details ol the diluted polymer seed dispersion are given in -feble II. 
' Subsequentiyi a blend was prepared oontaining 11% by weight of diluted polymer seed dispersion. 64% by weight 
ol CARADOL MH5603 and 2S% by weiSht of styreno monomer. The componeivis were lapidty mixed at 30 'C until a 
un»onn dispersion was obtained. Thea the reaction mixture was healed toSO'C and 75 mmoMcg etyrene of the free 
radcal Initiator LUPEROX 576 were linearly dosed to the moderately stirred reaction mbfluro over a penod of 4 hours. 
The reaction was then allowod to proceed at 80 'CIO completion for a further 2 hours. 

Residuai styrene monomer and peroxide decomposition products were si*sequentiy removed by heating the prod- 
uet to 125 *C under continuous stirrhg and a light nitrogen purge. The polystyrene polymer polyol product was a white 
dispersion having a soSds content of 24.6% by wfOlghL Particte size chaiacterlstics ware datarmined in the same way 
as in Example 1. 

The resutts are indicated in lable II. 

Comparative Example 2 

A polymer polyol was prepared 1^ 9ie single step dosing^echnique by adding to a stirred mixture o< CARADOL 
MHS6<>3(90%bywei^t)andthecoupledpoiyol used in Example 1 no%by weight)at90»C. vlaiinearlydosirigover 
aperiod of Shours. 28% by weigM-tesedon total weight of final reaction mixture- ol styrene monomer and 150 mmoV 
kg styrene ol the peroxide inittalor LUPEROX 575. After all styrene monomer and peroxide initiator were added, the 
polymerization reaction was allowed to proceed to completion lor.2 hours. WolatilBS ware aubsaqMsntV stnpped from 
the product (1 20 'C for IS hours under light nitrogen purge). The resulting polyslyrane polymer polyol product was a 
white dispersion having a solids content of 2a9% by weij^L 

Further detaBs are given in Table IL 



TABLE li 


Potyetyrena Polymer Pdyote (2) 




Example 2 


Comp. Ex. 2 . 


Seed Dispeision^ 


Polymer Pdyol 


Polymer Polyol 


IC.P.lliq (%wt) 


50 


5 


10 


[Solids] (%wt) 


9.1 


24.6 


2a9 


Vd,25 (mPas) 


13.500 


2,410 


2.828 


Mran PS(mlcron) 


0.25 


0.64 


0.80 


PS span 


071 


0.88 


1.41 



1 after dMiOfiwimCAiMDOtMHSS^ld 

Table II shows that also at tower solids content, the same advantages as Incficated In Table I occur, that is. the 
seeding process according to the present invention resufts In 100% polystyrene polymer pdyols of which the polymer 
particles are very small whilst at the same time having a hifi^ily unaonn and narrow particle size distribution. The 
visoosity at about equal solids content is again significantly better for the present polystyrene polyol. 

Examples 

A polymer polyol was made by preparing a blend containing 9% by weight of the diluted polymer seed dispersion 
prepared as In Example 1. 60% by weight ol CARADOL SC46-02 and 30% by vireight of styrene monomer, whilst 
keeping the temperature below 60»C. All components were mixed and then heated to 1 00-C. Subsequently, 75 mmoV 
kg styrene of the free radical initiator LUPE ROX 575 were finearly dosed over 5 hours. Afte^ 
the polymerisatioo readton was allowed lo proceed to completion lor 2 more hours at lOO-C. Vfolatiles were subse- 
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quenlly stripped from the product The resulting polystyrene polymer polyol product was a white dtsperston having a 
sdidBCorrterilof 31.5% by welght,avl8co8ity at 25^Co! 4,220 ritPa^aMw 



Example 4 

The pfoceduia of Example 3 was followed using a polymer potyd prepiared by blending 9% by weight of the diluted 
polymer seed dispersion prepared as In Example 1 . 50% by weight CARAOOL SC46-02 and 30% by weight of styrene 
n^ononftor* 

The same amount of the peroxide LUPEROX 575 was dosed to fte polymer polyol over 5 hours, but in this case 
as a blend in d% by weight CARADOL SC46-02. 

The resulting polystyrene polymer polyol had a solids content of 31 .0%. a viscosity (25»C) ol 3.980 mPa.8. a Mean 
PS of 0.73 micron, and a PS span of 1.45. 

Example 5 

A pdymer polyol was made by preparing a blend containing 9% by weight of the diluted polymer seed dispersion 
prepared as in Example 2. 60% by weight of CARAOOL SC46-02 and 30% by weight ol styrene monomer, whilst 
keeping the temperature below 60*C. AU components were mixed and then heated to 100*C. Subsec^ently 75 mmol/ 
kg styrene of the free ladical Initiator LUPEROX 575 was linearly dosed over 5 hours. After all the peroxide was added, 
the polymerisation reaction was aOowed to proceed to completion for 2 more hours at lOO'C. Volatiles were subse- 
quently stripped from Ihe product The resulting polystyrene polymer polyol product was a white dispersion having a 
solUs content of 30% by weight, a viscosity (2S*C) of 3,300 mPas. a Mean PS of 0.72 mk^on and a PS span of 1 .28. 



Clefme 

1. Process for the preparatkxi of a stable polymer polyol having a narrow polymer particle size distribution comprising 
the steps of: 

(a) preparing a polymer seed dispersion by polymerizing in the presence of a free radical initiator (I) in me 
range of from 5 to 40% by weight of one or more ethytenicaOy unsaturated monomers, at least 80% by weight 
of which is styrene. in (li^ in the range of from 95 to 60% by wel^t ol a tk^ukJ polyol medium comprising at 
least 30% by weight based on total weight of the Ikfuki polyol medium of a coupled polyol; 

(b) admixing a base polyol and one or more ethylenically unsaturated monomers, at least 80% by weight of 
which Is styrene, with at least part of the polymer seed d^erskxi obtained in step (a) at a temperature betow 
the polymerizatkm temperature; and subsequently 

(c) heating the resulting mixture to a temperature at which polymerizatksn occurs and aitowing the polymeri- 
zatkvi to proceed umacornpletion; thus ylekiing the polymer pc^ 

whereby a free radfcal initiator is added in step <b) andter (c). whereby the polymer seed dispemlon is used In such 
amount In step (b) that the coupled polyol present in it constitutes In the range of from 1 to 15% by weight of the 
final polymer polyol and whereby the anwunt of ethylenfcally unsaturated monomef(e) used In step (b) is such that 
the solids comem of the final polymer polyol Is in the lange of from 10 to 55% by weigMbase^ 
polymer polyoL 

2. Process accorcfing to claim 1 , wherein at least 95% by weight, and preferably essentially 1 00% by weight, ol the 
ethylenk^ally unsaturated monomer(s) used In steps (a) mUw (b) is styrene. 

3. Process acoordkig to claim 1 or 2, wherein the coupled polyol consists essentially of the reaction product of a base 
polyol havng an average nominal functionality of at least 2 with a polyisocyanate in such proportion that the ratio 
of equivalents hydroxyl groups to equivalents isocyanate groups is greater than 1 . 

4. Process aoooiding to claim 3, wherein the base polyol is a uifunctional polyoxyaUcylene polyol, preferably the 
reactkjn product of glycerol and ethylene oxide, propylene oxkie or a mixture thereof, and the polyisocyanate is a 
difunctional organk: polyisocyanate. preferably MDI or TDI. which are reacted bi such proportksn thai the ratk> of 
equivalents hydroxyl groups to equivalents isocyanate groups Is in the range from 2.1 to 10.0. 

5. Process according to any one of the preceding davns, wherein the Bquki polyol medium used in step (a) comprises 
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al least 50% by weiflht. pref eiabty at least 75% by weight, based on loial weight of the liquid polyot medium of the 
coupled polyol. 

6. Process accoiding to daim 5. wherein the liquid polyol medium consists essentially of the coupled polyol. 

7. Process according to any one of the preceding claims, wherein the base polyol used m step (b) Is a polyother 
polyol having a nun*er average molecular weight d at least SOO. 

a Processaocordingtoanyoneoltheprecedirigclaims.whereinthepolyrnersee^ 

in step (b) that the coupled polyol present in it constitutes in the range of from 2 to 1 0% by weight of the final 
polymer polyol 

a Process accofdffig to any one of the preceding claims, wherein 0ie amount of ethylonically unsaturated monomer 
(s) polymerised in step (b) is such that the solids content of the final polymer polyol Is in the range of from 20 to 
45% by weight based on total ¥i«ight <rf polymef polyol. 

ia Process according to any one of the proceeding claims, wherein the free radical initiator is Imearty dosed over a 
time period \n the range of from 3 to 6 hours. 

11. Process according to any one of the proceeding clatms, wherein the total quantily of free radical Inilialor is added 
during 6tep(c). 

12. PolymerpolyolcomprisingaliquidpolyolphaseandintherangeolfromlOto 

of polymer polyol of solid polymer particles stably dispersed therein, wherein the polymer particles consist essen- 
tlalV of polystyrene and have a mean partfcle size in the range of tiom 0.5 to ^5 

of almost 1.a 

la. Polymer polyol accoiding to clafrn 12 having a solids content in the range of from 20 to 45% by weight 

14. Polymer polyol according toclaffn i2or 13. wherein the liquid polyol phase contahs a coupled polyol in an am^ 
in the mnge of from 1 to 15% by weight, preferably from 2 to 10% by weight, based on total weight of polymer 
pdyol, which coupled polyol consists essentially of the reaction product of a base polyol having an average nominal 
functionality of at least 2 with a polylsocyanate in such proportion that the ratb of equivalents hydroxyl groups to 
equlvalentB tsocyanaie groups Is greater than 1 . 

16. Polymer polyol according to clafcn 14. wherein tt>e base polyol Is a trifunctional polyaxyalkylene polyol. preferably 
the reaction product of glycerol and ethylene oxide, propylene oxide or a mixture thereof, and the polyisocyanate 
is a difunctional organic polyisocyanate. preferably I^DI. which are reacted m euch proportion lhal the ratio of 
equivalents hydroKyI groups to equivalents isocyanate groups is In the range of from 2.0 to 10.0. 

16. Use of a polymer pdlyol accorcfing to any one of claims 1 2 to 1 5 in the production of polyurethane. 
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